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A i r c r a f t  n o i s e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  were computed f o r  two 
houses a t  Wallops  Stat ion,   Virginia .   These  houses ,   one a wood-si,ded 
frame house  and  the  o ther  a brick-veneered frame. house, were used as  t es t  
houses i n  a s t u d y  o f  t h e  s u b j e c t i v e  e v a l u a t i o n  o f  a i r c r a f t  n o i s e  con- 
ducted  in   October   and November of 1967. Indoor  and  outdoor  noise data 
u s e d  i n  t h i s  s t u d y  were obtained by using a Convair CV-880 a i r c r a f t  and 
a Lockheed 1049G a i r c r a f t  as sound  sources.   Indoor  noises were recorded 
us ing  a pre-emphasis f i l t e r  network which permitted improved recovery of 
low-intensi ty ,   h igh-frequency data  i n   t h e   i n d o o r   c h a n n e l s .   A i r c r a f t  
n o i s e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  based on a 1/3 octave band frequency 
a n a l y s i s  were computed  from recorded  noise  measurements  for  four  in te r ior  
l oca t ions   i n   each   house .  The e f f e c t  of  house  and room s t r u c t u r e s   o n  
e x t e r n a l l y  g e n e r a t e d  a i r c r a f t  n o i s e  as measured indoors w a s  a l so  expressed  
by tabula t ing  the  d i f fe rences  be tween outdoor  and i n d o o r  n o i s e  l e v e l s  
i n   t h i r t y - s i x   s t a n d a r d   n o i s e   m e a s u r e s .   A t t e n u a t i o n   c h a r a c t e r i s t i c s  
w e r e m u s e d  t o  compute,  from  outdoor  noise data, es t imated indoor  values  
o f  t he  th i r ty - s ix  no i se  measu res ,  and a comparison between estimated and 
a c t u a l  v a l u e s  showed t h a t  t h e  a t t e n u a t i o n  d a t a  a r e  u s e f u l  f o r  i n d o o r  
no i se   p red ic t ion   pu rposes .  Comparison  of the   average   house   a t tenuat ion  
c h a r a c t e r i s t i c s  d e r i v e d  i n  t h i s  s t u d y  and a v e r a g e  c h a r a c t e r i s t i c s  
r e p o r t e d  i n  t h e  l i t e r a t u r e  i n d i c a t e s  t h a t  t h e  W a l l o p s  S t a t i o n  t e s t  
h o u s e s  a r e  r e a s o n a b l y  t y p i c a l  s t r u c t u r e s  v i s - a - v i s  t h e i r  a i r c r a f t  n o i s e  
a t t e n u a t i o n  c h a r a c t e r i s t i c s .  
v i i  
II - 
ATTENUATION OF AIRCRAFT  NOISE 
BY WOOD-SIDED AND BRICK-VENEERED FRAME HOUSES 
James R. Young 
INTRODUCTION 
During the months of October and November 1967 an experimental  s tudy 
o f  t h e  s u b j e c t i v e  e v a l u a t i o n  o f  v a r i o u s  a i r c r a f t  n o i s e s  w a s  conducted 
a t  Wal lops  S ta t ion ,  Vi rg in ia  by NASA Langley Research Center and Stanford 
Resea rch  Ins t i t u t e .  ’* In the  cour se  of t h i s  expe r imen t  sub jec t s  were 
asked  to  judge  the  re la t ive  annoyance  of d i f f e r e n t  t y p e s  o f  a i r c r a f t  
no i se s  when heard indoors  or outdoors .  
Arrangements were made so t h a t  30 s u b j e c t s  j u d g e d  a i r c r a f t  n o i s e s  
hea rd  in  house  K - 1 3 ,  a one-s tory  br ick-veneer  s t ruc ture ,  and t h e  re- 
maining 30 indoor  subjec ts  judged  noises  heard  in  house  H-11 ,  a one-story 
wood-sided  frame  house.  Both  houses were completely  furnished  with 
ca rpe t s ,   d rapes ,  and the  normal complement  of cha i r s ,   t ab l e s ,   so fa s ,  
etc.,  t h a t  would be  found, on t h e  a v e r a g e ,  i n  homes of these  types .  
Space  l imi t a t ions  p reven ted  fu rn i sh ing  bedrooms with beds,  but  other  
normal  bedroom f u r n i s h i n g s  were present.   Four rooms in  each  house  were 
occupied  by  subjects,  a d i n i n g  room, a l i v i n g  room, and  two  bedrooms. 
Floor p l a n s  and photographs which descr ibe these two h o u s e s  i n  d e t a i l  
appear  in  the  appendix .  
T h i s  r e p o r t  d e s c r i b e s  t h e  a i r c r a f t  n o i s e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  
of t h e  two houses and t h e  rooms wi th in  the  houses  which were occupied by 
test subjec ts   dur ing   the   psychoacous t ic   exper iments .  The pr imary  in-  
f o r m a t i o n  r e q u i r e d  t o  o b t a i n  t h e s e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  i s  a 
s p e c i f i c a t i o n ,  f o r  a given room or l o c a t i o n  i n  a house, of frequency- 
spectrum differences between a noise  recorded or obse rved  ou t s ide  the  
house  and  the same noise   observed   ins ide   the   house .   In   genera l ,   the  
house  s t ruc tures  a t tenuated  low-f requency  componerlts  of a i r c r a f t  n o i s e  
r e l a t i v e l y  less than  high-frequency  components.  Because  high-frequency 
spectrum components were so g r e a t l y  a t t e n u a t e d  as they propagated through 
t h e  h o u s e  s t r u c t u r e s ,  s p e c i a l  p r e - e m p h a s i s  f i l t e r i n g  of the  indoor  noise  
* 
S u p e r s c r i p t s  a p p e a r i n g  i n  t h e  t e x t  are r e fe rence  numbers f o r  t h e  
r e f e r e n c e s  l i s t e d  a t  t h e  end  of t h i s  r e p o r t .  
1 
s i g n a l s  w a s  n e c e s s a r y  i n  o r d e r  t o  r e c o v e r  d a t a  f r o m  which a t t e n u a t i o n  
c h a r a c t e r i s t i c s   c o u l d   b e   c a l c u l a t e d .  Moreover,  because  these  houses  and, 
i n  f a c t  a l l  houses, are complex s t r u c t u r e s  i n  t h e i r  r e s p o n s e  t o  e x t e r n a l  
a c o u s t i c  s t i m u l a t i o n ,  t h e  n o i s e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  of a house 
vary from room t o  room (and  wi th in  rooms)  and  wi th  the  pos i t ion  of t h e  
e x t e r n a l   n o i s e   s o u r c e .   I n   t h i s   s t u d y   t h e s e   v a r i a b l e s ,   p o s i t i o n   o f  
measurement in s ide  the  house ,  and p o s i t i o n  of t h e  e x t e r n a l  n o i s e  s o u r c e  
were t r e a t e d  as fo l lows:  
(1) Measurements  of  indoor  noise were made a t  l o c a t i o n s  i n  
the  houses  where subjects  were, or had  been seated. The 
microphone w a s  p laced a t  approximately ear- level  of  seated 
sub jec t s  and  equ id i s t an t  from s u b j e c t s  arranged i n  a 
r e l a t i v e l y  small c i rc le  about the microphone. 
( 2 )  A i r c r a f t  were flown  along a wel l -def ined  and  constant  
f l i g h t   t r a c k .  Though the   ex te rna l   no i se   sou rce   t hus  
va r i ed  i t s  pos i t i on  th rough  the  cour se  o f  a s i n g l e  f l y b y ,  
t h e  p a t t e r n  o f  source-movement  was similar f o r  t h e  series 
of  noise  measurements  consis t ing of many sepa ra t e  f lybys .  
S ince  the  noise  t ransmiss ion  or a t t enua t ion  p rope r t i e s  o f  a house 
as measured a t  some g i v e n  i n t e r i o r  p o i n t  v a r y  w i t h  t h e  p o s i t i o n  o f  t h e  
e x t e r n a l  s o u r c e ,  a n d  s i n c e  t h e  s o u r c e  i n  t h i s  c a s e  moves i n  a c e r t a i n  
p a t t e r n  d e f i n e d  by t h e  a i r c r a f t  f l i g h t  p a t h  and a i r c r a f t  a l t i t u d e  and 
speed, i t  f o l l o w s  t h a t  t h e  a t t e n u a t i o n  c h a r a c t e r i s t i c  a t  t h i s  p o i n t  
cannot be described by a s ing le  cu rve  or set  of  data p o i n t s  e x c e p t  i n  
some average  sense.  For t h i s  work th ree   d i f f e ren t   " ave rage"   cha rac t e r -  
istics were def ined.  One o f  t h e s e  c h a r a c t e r i s t i c s  was s u p e r i o r  t o  t h e  
o the r s  fo r  t he  pu rpose  o f  p red ic t ing  ce r t a in  use fu l  phys i ca l  measu res  of 
n o i s e  r e c o r d e d  i n  t h e  tes t  s t r u c t u r e s .  No a t tempt  was made i n  t h i s  s t u d y  
t o  d e f i n e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  t h a t  p e r m i t  t h e  p r e d i c t i o n  of a 
complete  noise- t ime his tory of  an indoor  noise .  
When a t t e n u a t i o n  d a t a  f o r  t h e  i n d i v i d u a l  rooms i n  a house are 
averaged, a composi te  "house  a t tenuat ion"  charac te r i s t ic  can  be  spec i f ied .  
This  averaging was done f o r  t h e  two houses  s tud ied  here ,  and  the  da ta  
were compared t o  some d a t a  p r e v i o u s l y  p u b l i s h e d  f o r  s t r u c t u r e s  i n  B o s t o n ,  
New York, Miami, and Los Angeles ."   This   compar iscn   ind ica tes   tha t   the  
tes t  houses  s tud ied  here  are f a i r l y  t y p i c a l  of a broad populat ion of 
s t r u c t u r e s  i n s o f a r  as n o i s e  a t t e n u a t i o n  is  concerned .   This   fac t  is  use- 
f u l  and r e a s s u r i n g  i n  i n t e r p r e t i n g  t h e  p s y c h o l o g i c a l  data  derived from 
s u b j e c t s  s e a t e d  i n  t h e  W a l l o p s  S t a t i o n  h o u s e s  d u r i n g  t h e  a i r c r a f t  n o i s e  
evaluat ion experiment .  
2 
DATA C O L U C T I O N  AND ANALYSIS 
General  Descr ipt ion of  Data Co l l ec t ion  
The data  used for t h i s  s tudy  o f  house  a t t enua t ion  were obta ined  
December 11 and 12, 1968, a t  Wal lops   S ta t ion ,   Vi rg in ia .  Two a i r c r a f t  
were used  on  these  days  to  genera te  sounds  s imi la r  to  those  used  in  the  
ear l ier  psychoacoust ic  tests conducted i n  October and November of  1968. 
One a i r c r a f t ,  a four -engine  propel le r -dr iven  Lockheed 1049G radar-sur-  
v e i l l a n c e  a i r p l a n e ,  w a s  flown a t  approximately 1200 f t  a l t i t u d e  and a t  
MET0 power along a s t r a i g h t  and l e v e l  p a t h  p a s s i n g  d i r e c t l y  o v e r  t h e  two 
test h o u s e s  i n  t h e  manner  of t h e  earlier tests. A s e c o n d  a i r c r a f t ,  
a four-engine CV-880  t u rbo fan  a i rp l ane ,  was flown a t  approximate ly  2000 
f t  a l t i t u d e  and a t  take-off  power a long  the  same f l i g h t  t r a c k .  
Data used  to  compute t h e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  o f  h o u s e  K-13 
were recorded December 11, 1968. A t o t a l  of  nine CV-880 f l i g h t s  and  16 
1049G f l i g h t s  were recorded. On the   fo l lowing  day,  recording  equipment 
and instruments  were moved to  house  H-11  where 12 CV-880 f l i g h t s  and t e n  
1049G f l i g h t s  were recorded. 
D a t a  Recording and Instrumentation 
Personnel  under  the  d i rec t ion  of  NASA Langley Research Center, 
Hampton, V i r g i n i a  i n s t a l l e d ,  c a l i b r a t e d ,  and  operated  the  recording 
i n s t r u m e n t s   a t   t h e  test houses .   This   instrumentat ion  consis ted,   basi-  
c a l l y ,  of  two d i r e c t  t a p e  r e c o r d e r s  w i t h  f o u r  r e c o r d i n g  c h a n n e l s  i n  
each instrument ,  s ix  one-inch condenser  microphones,  and s ix  sound l e v e l  
meters fo r  r ang ing  the  ana log  no i se  da t a .  A t iming track with a c e n t r a l l y  
generated time code and voice annotation was recorded on one channel of 
each  tape  machine. For a l l  f l i g h t s  of t h e  CV-880 a i r c r a f t ,  e a c h  of t h e  
th ree  da t a  channe l s  o f  one  r eco rd ing  in s t rumen t ,  i den t i f i ed  as S t a t i o n  
No. 1, had i n s t a l l e d  a pre-emphasis f i l t e r  ne twork  des igned  to  f l a t t en  
the   no ise   spec t rum  expec ted   ins ide   the  test  houses. The ne twork   r e l a t ive  
g a i n  c h a r a c t e r i s t i c  f o r  o n e  of t h e s e  c h a n n e l  f i l t e r s  i s  shown i n  F i g u r e  
1. The t h r e e  c h a n n e l s  h a d  n e a r l y  i d e n t i c a l  g a i n  c h a r a c t e r i s t i c s ,  
d i f f e r i n g  f r o m  t h e  median channel by less than  1 dB a t  any frequency 
between 50 H z  and 10,000 Hz .  
A t  each  of  the  two test houses, microphones were loca ted  both  
ou t s ide   and   i n s ide .  Two microphones,  ranged  10 dB a p a r t  i n  g a i n ,  were 
loca ted   ou t s ide .  A t  each  house  four  microphones were l o c a t e d  i n s i d e ;  
one i n  t h e  d i n i n g  room (DR), one i n  t h e  l i v i n g  room ( L R ) ,  and one i n  
each  of two  bedrooms (BR1 and BR2). A l l  microphones were p l a c e d  i n  t h e  
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FIGURE 1 TYPICAL PRE-EMPHASIS GAIN  CHARACTERISTIC USED IN RECORDING 
CV-880  AIRCRAFT NOISE INDOORS 
l o c a t i o n s  d e s i g n a t e d  i n  earlier psychoacoust ic  tests i n  o r d e r  t o  measure 
as r e l i a b l y  as  poss ib l e  sounds  hea rd  by  sub jec t s  seated i n  t h e s e  areas, 
indoors   and  outdoors .   Noise   data  a t  t h e  two o u t s i d e  l o c a t i o n s  a n d  i n  t h e  
d i n i n g  room were recorded  on  one  ins t rument ,  ident i f ied  as Station' .No, 2, 
and n o i s e  d a t a  f r o m  t h e  l i v i n g  room's and bedrooms were recorded on the 
second  instrument ,   Stat ion No. 1. 
Data Analys is  
Data S e l e c t i o n . - - E i g h t  a i r c r a f t  f l i g h t s  were selected f r o m  t h e  t o t a l  
data set fo r  comple t e  an ' a lys i s .  Four  f l i gh t s  were s e l e c t e d  f o r  e a c h  
test house, two 1049G f l i g h t s  and  two CV-880 f l i g h t s .  The se l ec t ion  o f  
t h e  s p e c i f i c  f l i g h t s  t o  be used  in  subsequen t  ana lys i s  w a s  based on t h e  
q u a l i t y  o f  data  recorded  both  indoors  and  outdoors.   Special   consider- 
a t i o n s  i n  t h i s  s e l e c t i o n  were: (1) good overa l l   ranging   of  data i n  
t h e  a v a i l a b l e  dynamic range of outdoor and indoor recording channels,  
and  (2 )  adequa te  in t ens i ty  of noise-signal components in the frequency 
range  above 1000 Hz in   i ndoor   channe l s .  I t  was found, as expec ted ,   tha t  
t h e  1049G a i r c r a f t  n o i s e  s p e c t r u m  w a s  weighted toward frequencies below 
500 Hz and t h a t  t h e  CV-880  noise  spectrum w a s  w e i g h t e d  r e l a t i v e l y  more 
toward  f requencies   higher   than 500 Hz.  By us ing  these  two c l a s ses  o f  
d i spa ra t e  spec t r a ,  one  would e x p e c t  t o  f i n d ,  i n  a combination  of a l l  
data,  r e l i a b l e  i n d o o r  da ta  ( d a t a  above the  leve l  of  ambient  and record ing  
sys tem noise)  cover ing  the  w i d e s t  possible  f requency range.  
1/3 Octave Band Analys is . - -For ty  noise  events  ( f ive  indoor  and out-  
d o o r  a i r c r a f t  n o i s e s  f o r  e a c h  of e i g h t  selected f l i g h t s )  were analyzed 
by means  of a para l le l  24-channel  1/3 octave band f i l t e r  bank covering 
t h e  frequency  range 50-10,000 Hz. Each f i l t e r  o u t p u t  was passed  through 
an envelope detector,  smoothed in a manner comparable  to  t h a t  observed 
on a slow"  sound  level meter, and  sampled a t  1 /2-sec   in te rva ls .  A l l  
24 channels  or frequency bands were sampled a t  v i r t u a l l y  t h e  same t i m e  
(within approximately 10 msec) by  a high-speed multiplexer/analog-to- 
d i g i t a l  c o n v e r t e r ,  and t h e  r e s u l t i n g  d i g i t a l  d a t a  were s t o r e d  on magnetic 
t apes  which were used  in  subsequent  data  reduct ion  processes .  
I 1  
Each a i r c r a f t  f l i g h t  a n a l y z e d  i n  t h i s  manner y i e l d e d  f i v e  d i g i t a l  
records ,  a record corresponding t o  t h e  a i r c r a f t  n o i s e  r e c o r d e d  o u t s i d e  
a tes t  house  and  fou r  d ig i t a l  r eco rds  co r re spond ing  to  the  no i ses  re- 
co rded  in s ide  the  house  a t  the  four  loca t ions  about  which  tes t  s u b j e c t s  
had  been seated during  the  psychoacoust ic   experiments .  The t i m e  code 
recorded on one channel of each analog tape was used  to  synchronize  the  
d a t a  c o n t a i n e d  i n  t h e s e  f i v e  d i g i t a l  r e c o r d s  s o  tha t  va l id  compar isons  
be tween indoor  and  outdoor  noise  in tens i t ies  could  be made a t  each 
sample time. The t i m e  e r r o r  i n  s y n c h r o n i z a t i o n  u s i n g  t h i s  method was 
w i t h i n  t h e  r a n g e  21 msec, and f o r  t h e s e  data  t h i s  e r r o r  w a s  judged t o  be 
of no consequence. 
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Fur the r  Ana lys i s  o f  D ig i t a l  Data.--House a t t e n u a t i o n  i n  a s p e c i f i e d  
frequency band w a s  de f ined  as the  d i f fe rence  be tween an  outdoor  noise  
i n t e n s i t y  a n d  a c o r r e s p o n d i n g  i n d o o r  n o i s e  i n t e n s i t y  m e a s u r e d  i n  t h a t  
s p e c i f i c  f r e q u e n c y  band, i n s t an t -by - ins t an t ,  or as the  d i f f e rence  be tween  
maximum va lues  of no i se  in t ens i t i e s  measu red  ou tdoor s  a iA  indoors  in  
t h a t  band.  Since  24  channels, or frequency  bands,  were u s e d  i n  t h e  1/3 
octave band analysis ,  a comple t e  house  a t t enua t ion  cha rac t e r i s t i c  con- 
sisted of,  a t  most, 24 sets of d i f f e r e n c e s  i f  a t t e n u a t i o n  were computed 
in s t an t -by - ins t an t  or 24 s i n g l e  numbers i f  a t t e n u a t i o n  were computed  by 
ca l cu la t ing  on ly  the  d i f f e rences  be tween  maximum frequency band values 
measured outdoors and indoors .  
I t  became c l e a r  e a r l y  i n  t h e  s t u d y  t h a t  some r u l e  was needed t o  b e  
u s e d  f o r  r e j e c t i n g  data  in  f r equency  bands  where  the  a i r c ra f t  no i se  d id  
not  exceed,  by a su i t ab le  marg in ,  t he  l eve l  of  ambient  and  system  noise 
p re sen t  on the   ana log   tape .  The r u l e   u s e d  was t h i s :   t h e  maximum in -  
t e n s i t y  of no i se  data  i n  any frequency band was r equ i r ed  to  exceed  the  
l e v e l  of data  i n  t h a t  band a t  t h e  b e g i n n i n g  and  end  of a data record  by 
6 dB or more i f  t h e  c h a n n e l  d a t a  were t o  be judged valid and use fu l .  
With t h i s  rule i n  mind, s p e c i a l  care w a s  taken during the 1/3 octave band 
ana lys i s  t o  p rov ide  adequa te  da t a  a t  t he  beg inn ing  and  end of each 
f l i gh t  (nomina l ly  ambien t  da t a )  so that  val id  comparisons between maxi- 
mum va lues  and "ambient" values could be computed. 
A f t e r  t h e  d a t a  i n  e a c h  f r e q u e n c y  band were t e s t e d  t o  d e t e r m i n e  t h e  
presence  or  absence  of  usefu l  da ta  and  i f  such  da ta  were p resen t ,  t he  
band d a t a  were smoothed d i g i t a l l y  by a four-point smoothing process 
defined below: 
8 4 2 1 s = -  S . + - S  + -  S + - s  
j 15 J 15 j-1 15 j -2   15   j -3 ' 
where S i s  t h e   j t h  time sample, Sj-l i s  the  previous  ample,  etc.  This 
process  w a s  u s e d  t o  s t a b i l i z e  d i f f e r e n c e  estimates when two frequency 
bands (one from an outdoor recording and one from an indoor recording) 
were compared. The smoothing  process   has  no s i g n i f i c a n t  e f f e c t  upon 
mean va lues  of d i f f e r e n c e s  and  compensates, t o  some e x t e n t ,  f o r  t h e  f a c t  
tha t  the  1 /2-sec  sampl ing  ra te  in  each  channel  i s  s l i g h t l y  t o o  s l o w .  
After smoothing, each band  was aga in  tested by t h e  6-dB rule and d a t a  
were r e j e c t e d  i f  t h e  d e c i s i o n  c r i t e r i o n  was n o t  s a t i s f i e d .  T e s t i n g  a f t e r  
smoothing was a n  e f f i c i e n t  method f o r  e l i m i n a t i n g  d a t a  i n  r e c o r d s  where 
spur ious   "noise   sp ikes"   occur .  The e f f e c t  of smoothing i s  i l l u s t r a t e d  
i n  F i g u r e  2, where  12  seconds  of  da ta  in  the  630-Hz frequency band are 
j 
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FIGURE 2 A TYPICAL  TIME  HISTORY SHOWING THE  EFFECT OF 4-POINT 
DIGITAL  SMOOTHING ON A 630-Hz C.F. 1/3 OCTAVE  BAND  CHANNEL 
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p l o t t e d .  The ma jo r   f ea tu re s   o f   t he  unsmoothed  time-history  (open circles 
connected by a s o l i d  l i n e )  are p r e s e r v e d  i n  t h e  smoothed time-history 
( s o l i d  d o t s  c o n n e c t e d  by a d a s h e d  l i n e ) ,  b u t  t h e  scale o f  v a r i a t i o n  i s  
reduced by about 2 dB i n  t h e  smoo thed  cu rve  r e l a t ive  to  the  unsmoothed 
curve.  
A t t enua t ion  da ta  were computed  by s u b t r a c t i n g  a t  corresponding t i m e -  
sample points smoothed indoor frequency band data from t h e  same smoothed 
outdoor  band  data.   Figure 3 i l l u s t r a t e s   t h i s   p r o c e s s .  On t h i s   f i g u r e  
are shown t h r e e  time h i s t o r i e s  i n  t h e  630-Hz band. The upper   curve i s  
d a t a  f rom an outdoor  recording;  the middle  curve i s  from a recording from 
t h e  d i n i n g  room microphone i n  h o u s e  K-13; and the lower curve i s  t h e  
a r i thmet ic  d i f fe rence  poin t -by-poin t  of t h e  two curves lying above i t .  
This  set  of curves i s  typ ica l  o f  sets der ived  us ing  o ther  f requency  bands  
and o t h e r  room loca t ions .  Of i n t e r e s t   a r e   t h e   f a c t s   t h a t   " h o u s e   a t t e n -  
ua t ion"  i s  not  cons tan t  wi th  t i m e  a s  p l o t t e d  i n  F i g u r e  3, and t h a t  
maximum l e v e l s ,  i n d o o r s  and ou tdoor s ,  do  no t  necessa r i ly  occur  a t  t h e  
same time i n  t h e  c o u r s e  o f  a n  a i r c r a f t  f l y b y .  V a r i a b l e  a t t e n u a t i o n  a n d  
t h e  lack of synchronism of indoor  and ou tdoor  l eve l s  ar ise  p r i m a r i l y  
f r o q   t h e   n a t u r e  of t h e  measurement s i t u a t i o n .   F i r s t ,   t h e  sound  source 
( a n  a i r c r a f t )  i s  moving r e l a t i v e  t o  t h e  m e a s u r i n g  d e v i c e s  and t h e  t e s t  
houses, and second,  the test houses and  rooms wi th in  the  houses  a re  no t  
e q u a l l y  v u l n e r a b l e  t o  n o i s e  p e n e t r a t i o n  a t  a l l  exposed surfaces and aper- 
tu res ,   such  as windows  and doors.  The combination  of  these two f a c t s ,  
a moving  sound source and a nonun i fo rm s t ruc tu re  v i s - a -v i s  d i r ec t iona l  
no i se  a t t enua t ion ,  p roduces  the  pa t t e rns  obse rved  in  F igu re  3. 
Though the  r e l a t ionsh ips  be tween  indoor  and outdoor  noise  are  
complicated,  some s i m p l i f i c a t i o n s  c a n  be i n t r o d u c e d  i f  t h e  p r i m a r y  u s e  
of h o u s e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  i s  t o  p r e d i c t  maximum or peak indoor 
physical  measures  of noise  using outdoor  measures  of noise compensated 
by  octave  band or 1/3  octave band a t t enua t ions ,   C lea r ly ,  i t  would be 
f a r  more d i f f i c u l t ,  b e c a u s e  of t he  f ac t s  men t ioned  above ,  t o  p red ic t  
accura te ly  the  comple te  t ime-his tory  of an indoor noise from the time- 
h i s t o r y  of an outdoor  noise .  
Three measures of house  a t tenuat ion  were computed for  each  f lyby .  
These measures were: 
(1) Outdoor   no i se   i n t ens i ty  f o r  each  frequency band  minus 
i n d o o r  i n t e n s i t y  f o r  e a c h  c o r r e s p o n d i n g  band a t  t h e  time 
(called AMAX) when t h e  ou tdoor  noise  was maximum. 
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FIGURE 3 TYPICAL  SMOOTHED  TIME  HISTORIES OF SOUND PRESSURF LEVELS 
IN 630-HZ 1/3 OCTAVE  BAND  FILTERS  DURING  CV-880  FLYBY 
( 2 )  Ou tdoor  no i se  in t ens i ty  fo r  each  f r equency  band  minus 
indoor  noise  in tens i ty  for  each  cor responding  band a t  
t h e  time ( c a l l e d  BMAX) when t h e  i n d o o r  n o i s e  w a s  maxi- 
mum. 
(3) Maximum o u t d o o r  n o i s e  i n t e n s i t y  f o r  e a c h  band  minus t h e  
maximum indoor  no i se  in t ens i ty  fo r  each  co r re spond ing  
band. 
Table I i s  a summary of t h e  v a r i o u s  a t t e n u a t i o n s  f o r  a t y p i c a l  
f lyby.  These data  p e r t a i n  t o  a noise  genera ted  by t h e  CV-880 a i r c r a f t  
recorded outs ide house K-13 and, s i m u l t a n e o u s l y ,  i n  the d in ing  room of 
tha t   house .  The t a b l e  shows, fo r   each   1 /3   oc t ave  band  (Band No. 1 i s  t h e  
50-Hz band, Band No. 24 i s  t h e  10,000-Hz band 1, the  f rame number, or 
ha l f - second  in t e rva l  ( A M A X ) ,  i n  which the  ou tdoor  maximum i n t e n s i t y  
occurred, the frame number (BMAX) a t  which the indoor  maximum occurred, 
and the  d i f fe rences  be tween outdoor  and  indoor  leve ls  a t  AMAX and BMAX. 
Frame  numbers start  a t  1 a t  t he  beg inn ing  o f  a no i se  even t  ana lys i s  
and  count upward as time through  the   event   increases .  A frame  occurs 
each  1/2  second  of   the  analysis  time. Note t h a t ,  i n  t h i s  case, n o   d a t a  
are l i s t e d  f o r  b a n d s  5, 21,  22, 23, and 24 because  these  bands  ( e i the r  
outdoors  or indoors ,  or b o t h )  f a i l e d  t o  p a s s  t h e  6-dB s i g n a l  test. 
I n  o r d e r  t o  o b t a i n  t h e  d a t a  u s e d  i n  t h i s  s t u d y ,  t h i r t y - t w o  s u c h  
t a b l e s  l i k e  T a b l e  I were computed,  one table  f o r  e a c h  of e i g h t  l o c a t i o n s  
indoor s  ( fou r  rooms i n  e a c h  o f  t h e  two houses)  and fo r  each  o f  fou r  
f l i g h t s  from  which i n d i v i d u a l  room d a t a  were c o l l e c t e d .  These tables 
were c o l l a t e d  so t h a t  f o r  e a c h  room, f o u r  estimates o f  a t t enua t ion  were 
ava i l ab le .   Average   a t t enua t ions   i n   each  band were computed,  and t h e s e  
average values  were used for p l o t t i n g  h o u s e  and room a t t enua t ion  cha rac -  
teristics. 
A f t e r  a t t e n u a t i o n  c h a r a c t e r i s t i c s  f o r  e a c h  room i n  t h e  two test  
houses had  been  computed, t h i r ty - s ix  s t anda rd  no i se  measu res  were computed 
f o r  a l l  analog  data   recorded  indoors   and  out .  The differences  between 
indoor and outdoor noise,  as expressed by these thir ty-s ix  measures ,  were 
t a b u l a t e d .   T h e s e   d i f f e r e n c e s   a n d   t h e i r   s t a t i s t i c s  of d i s p e r s i o n  are 
p e r h a p s  t h e  b e s t  i n d i c a t o r s  o f  t h e  " a c t u a l "  d i f f e r e n c e  b e t w e e n  a i r c r a f t  
noises  heard outdoors  and indoors  by s u b j e c t s  i n  t h e  p s y c h o a c o u s t i c  
tests. 
A comparison between these "actual"  physical  noise  measures  and 
"predicted" noise  measures  was made p o s s i b l e  by weight ing  outdoor  da ta  
w i t h  t h e  a t t e n u a t i o n  c h a r a c t e r i s t i c  f o r  e a c h  room t o  compute the  p red ic t ed  
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values .  Di f fe rences  be tween the  ac tua l  indoor  noise  measures  and  the  
pred ic ted  indoor  noise  measures  were computed, averaged  across  a l l  rooms 
i n  each house,  and tabulated.  
RESULTS 
House a t t e n u a t i o n  d e f i n e d  on a 1/3 octave band basis  by the 
difference between an outdoor  band maximum and an indoor band maximum, 
wi thou t  r ega rd  fo r  when t h e s e  maxima occur ,  during a given f lyby,  was 
found t o  b e  t h e  b e s t  d e s c r i p t o r  of t h e  e f f e c t  of t h e  tes t  house  s t ruc-  
t u r e s  on e x t e r n a l l y  g e n e r a t e d  a i r c r a f t  n o i s e  measured in s ide  the  houses .  
Adequate  data  were a v a i l a b l e  i n  t h e  19 lower 1/3 octave  bands  to  
compute the  ave rage  a t t enua t ion  data  shown i n  F i g u r e s  4 and 5 f o r  h o u s e s  
K-13 and H-11,  r e s p e c t i v e l y .   T h e s e   f i g u r e s   i l l u s t r a t e   t h e   f a c t   t h a t   t h e r e  
are room d i f f e rences   w i th in   each   house .   In   F igu re  6, d a t a  a r e  shown 
which poin t  ou t  the  d i f fe rences  be tween the  two houses, K-13 a br ick-  
venee r   s t ruc tu re ,  and H - 1 1  a wood-sided s t ruc ture .   In   comput ing   the  
d a t a  f o r  F i g u r e  6, a t t e n u a t i o n  c h a r a c t e r i s t i c s  of t h e  f o u r  rooms i n  e a c h  
house were averaged, and then these two house averages were p lo t t ed  on  
t h e  same o r d i n a t e  and absc issa .   Genera l ly   speaking ,   the   b r ick-veneer  
s t r u c t u r e  is t h e  bet ter  sound a t tenuator  under  the  exper imenta l  condi t ions  
of t h i s  s t u d y .  
Tables  I1 and  I11  p resen t  t he  measu red  d i f f e rences  in  th i r ty - s ix  
physical  noise  measures  between noise  measured outs ide each test house 
and noise  measured inside each tes t  house a t  four  microphone  loca t ions .  
The ave rage  d i f f e rences  are  derived  from  four  flybys,  and  sigma i s  a 
m e a s u r e  o f  t h e  v a r i a b i l i t y  i n  t h e  f o u r  d i f f e r e n c e  v a l u e s  i n c l u d e d  i n  t h e  
computation of the  average.  The a v e r a g e   d i f f e r e n c e s   i n   t h e s e   t a b l e s  
expres s  house  a t t enua t ion  in so fa r  a s  t he  va r ious  no i se  measu res  d i f f e r  
between noise  recorded outs ide and i n s i d e  t h e  test s t r u c t u r e s .  
Table I V  w a s  cons t ruc ted  by comparing actual indoor noise measures 
and estimated values   of   the  same indoor   noise   measures .  Est imated va lues  
were compared t o  t h e  a c t u a l  v a l u e s ,  f l i g h t - b y - f l i g h t ,  a n d  t h e  d i f f e r e n c e s  
averaged over a l l  f l i g h t s  and a l l  l oca t ions  pe r t a in ing  to  each  house .  
For  example,  an average difference of  1 . 0  i n  a s p e c i f i c  t a b l e  e n t r y  i n  
Table I V  i n d i c a t e s  t h a t  t h e  e s t i m a t e d  v a l u e  (computed using the house-  
room a t t e n u a t i o n  c h a r a c t e r i s t i c )  was 1.0 dB less than  tha t  ob ta ined  by  
averaging   ac tua l ly   measured   indoor   va lues .  Sigma i s  a measure  of  the 
v a r i a t i o n  i n  t h e s e  d i f f e r e n c e s .  
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FIGURE 4 SOUND ATTENUATION  IN THE ROOMS OF HOUSE K-13 (Brick Veneer) 
50 
40 
30 
20 
m 
-0 
I 10 
30 
20 
IO 
0 
- 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 -  
BEDROOM #1 BEDROOM #2 - - 
- 0 0 0 0 0 0 -  
-O 0 
0 0 0  0 0- 0 0 0 0  0 - 
- - 
0 0 0 0  0 
-0 0 
0 0 0  
0 0 - - - - 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
o o o o m o o o ~ o o o o o o o o o o o  
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ,  
m a m ~ ~ ~ o m  o o r - J o o L n o o o o o  
~ ~ r - ~ t t n a m ~ ~ ~ o ~ n ~ o  N N ( ? *  m a m 2 E ' 2 ' z r - J S X S % S z g ~ ~ ~ 8  " C Y N O *  
O r n 0 0 L n 0 0 0 ~ 0 0 0 0 0 0 0  0 0 0  
1/3 OCTAVE  BAND CENTER FREQUENCY - Hz 
TA-6352-5 
FIGURE 5 SOUND ATTENUATION  IN HOUSE H-11 (Wood-Sided) 
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Table I1 
ATTENUATION OF A  BRICK-VENEER  HOUSE AS MEASURED AT FOUR INDOOR  LOCATIONS 
Attenuation is expressed  by  average  differences  between  various  outdoor 
are based on  data from four aircraft flybys. 
and indoor  physical  noise measures. Averages and standard  deviations 
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Table I l l  
ATTENUATION OF A WOOD-SIDED HOUSE AS MEASURED AT FOUR INDOOR LOCATIONS 
Attenuation is expressed by average  differences between various  outdoor 
and indoor physical noise measures. Averages and standard deviations 
are based on data from four aircraft flybys. 
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Table IV 
AND  ATTENUATIONS  COMPUTED BY APPLYING  SPECTRAL  ATTENUATION  DATA SHOWN IN FIGURES 4 AND 5 
AVERAGE  DIFFERENCES BETlYEEN HOUSE  ATTENUATIONS LISTED IN TABLES I1 AND I l l  
TO OUTMxlR NOISES 
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Terms and symbols appearing i n  t h e s e  t a b l e s  are i n t e r p r e t e d  as 
f 01 lows : 
K - 1 3 :  a br ick-veneer   house   s t ruc ture  a t  Wallops  Stat ion,   Virginia  
H-11: a wood-sided  house s t r u c t u r e  a t  Wallops  Stat ion,   Virginia  
DR: d i n i n g  room 
LR : l i v i n g  room 
BR1: bedroom No. 1 
BR2: bedroom No. 2 
Maximum measure: a value  of a physical  noise  measure  which was 
ac tua l ly  ach ieved  du r ing  a f l y b y  and which i s  
g r e a t e r  t h a n  or e q u a l  t o  a l l  o the r  vz lues  
assumed  by the  measure  dur ing  tha t  f lyby .  
Peak  measure : a va lue  of a physical  noise  measure computed on 
a 1/3 oc tave  band spectrum constructed by se- 
l ec t ing ,  fo r  each  f r equency  band, t h e  maximum 
sound p res su re  l eve l  measu red  in  tha t  band with- 
ou t  regard  for t h e  time a t  which t h e  maximum 
occurred.  
Integral  measure:  a va lue  of a physical  noise  measure computed  by 
a r i t h m e t i c a l l y  i n t e g r a t i n g  on a power b a s i s  t h e  
1/2-second  sample  values of the  measure. The 
i n t e g r a t i o n  is  ca l cu la t ed  ove r  va lues  wi th in  
10  dB of  the  maximum value  assumed  by t h e  
measure. 
Physical Noise Measure Observations 
A: A"-weighted  sound p r e s s u r e  l e v e l  (SPL) 11 
C: "C"-weighted SPL 
D l  : Dl"-weighted SPL 
D2: "D2"-weighted SPL 
D3: "D3"-weighted SPL 
I ?  3 
3 
3 
PHN : 
PN : 
PNl : 
PN2 : 
PNM: 
Stevens'  phons, a measure of  subject ive loudness  
P e r c e i v e d  n o i s e  l e v e l  i n  dB  (PNdB ) 
P e r c e i v e d  n o i s e  l e v e l  i n  dB wi th  the  Kryter -Pearsons  
pure- tone  cor rec t ion  
P e r c e i v e d  n o i s e  l e v e l  i n  dB w i t h  t he  cu r ren t  s t anda rd  
FAA t o n e  c o r r e c t i o n  
3 
Modi f i ed  pe rce ived  no i se  l eve l  i n  dB 
PNM1: Modi f i ed  pe rce ived  no i se  l eve l  i n  dB w i t h  the  Kryter -  
Pearsons pure- tone correct ion 
PNM2: Modi f i ed  pe rce ived  no i se  l eve l  i n  dB w i t h  t h e  c u r r e n t  
s tandard  FAA tone  co r rec t ion  
CONCLUDING REMARKS 
'ho methods were employed t o  d e s c r i b e  a n d  e v a l u a t e  t h e  sound a t t e n -  
u a t i o n  p r o p e r t i e s  of two houses a t  Wallops Stat ion,  Virginia:  
(1) Aircraf t   no ises   recorded   s imul taneous ly   ou tdoors   and   indoors  
were compared s p e c t r o g r a p h i c a l l y   i n  1/3 octave  bands.   Differ-  
ences between outdoor and indoor frequency spectra were used 
i n  a p a r t i c u l a r  way to  e s t ab l i sh  house -  o r  room-a t t enua t ion  
curves or c h a r a c t e r i s t i c s .   S p e c i f i c a l l y ,   h o u s e -   o r  room- 
a t t e n u a t i o n  was computed us ing  t h e  f o l l o w i n g  d e f i n i t i o n :  
For a g iven  pa i r  o f  no ises  recorded  s imul taneous ly  outdoors  
and indoors a t  a g iven  poin t ,  house- room a t tenuat ion  in  a 
frequency band i s  t h e  maximum sound p res su re  l eve l  ach ieved  
i n  t h a t  band in  the  ou tdoor  da t a  minus  t h e  maximum l e v e l  
a c h i e v e d  i n  t h a t  band i n  t h e  i n d o o r  d a t a  w i t h o u t  r e g a r d  f o r  
when these maxima occur  dur ing  t h e  noises .  
( 2 )  Thir ty-s ix   s tandard  measures  of n o i s e   i n c l u d i n g  maximum, peak, 
and in tegra ted  measures  were computed  on s imultaneously re- 
c o r d e d   a i r c r a f t   n o i s e ,   i n d o o r s  and outdoors .  The d i f f e r e n c e s  
between these physical measures of indoor  and outdoor  noise  
were a l s o  u s e d  t o  d e s c r i b e  t h e  sound a t t e n u a t i o n  p r o p e r t i e s  
of t h e  t es t  houses .  
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A house-room a t t e n u a t i o n  c h a r a c t e r i s t i c  or curve is u s e f u l  i n s o f a r  
as i t  c a n  b e  u s e d  t o  p r e d i c t  s p e c i f i c  p h y s i c a l  m e a s u r e s  of no i se .occur -  
r i n g  i n d o o r s .  These phys ica l  measures ,  such  as  dB(A) , dB(C) , PNdB, e tc  . , 
a r e  t i m e - v a r y i n g  q u a n t i t i e s  d u r i n g  t h e  c o u r s e  of an a i r c r a f t  f l y b y  . 
However, for many p u r p o s e s  ( s u c h  a s  p r e d i c t i n g  s u b j e c t i v e  r e s p o n s e  t o  
noise)  some s ing le  va lue  o f  one  o f  these measures is  usefu l ;  such  a va lue  
might be a peak value,  a maximum value,  or the  in tegra l  o f  t ime-vary ing  
va lues  ove r  some g iven  time. The d e f i n i t i o n  o f  a t t e n u a t i o n  s t a t e d  a b o v e  
was cons t ruc ted  to  permi t  computa t ion ,  or e s t i m a t i o n ,  o f  s i n g l e  v a l u e s  of 
no ise  measures ;  i t  does  no t  pe rmi t  an  accu ra t e  p red ic t ion  o f  t h e  time- 
v a r y i n g  p a t t e r n  t h a t  n o i s e  m e a s u r e s  f o l l o w  d u r i n g  a f l y b y .  Our d e f i n i -  
t i o n  i s  a very  simple model of a qu i te  compl ica ted  process ,  and i t  i s  
but   one  of   several   p lausible   models .   Therefore ,  i t  was n e c e s s a r y  t o  
test t h e  merits of this d e f i n i t i o n  and o t h e r  d e f i n i t i o n s  by (1) us ing  
d e r i v e d  a t t e n u a t i o n  c h a r a c t e r i s t i c s  a s  m o d i f i e r s  of o u t d o o r  s p e c t r a  t o  
produce a quasi- indoor  spectra ,  (2)  computing appropriate  (estimated) 
physical  measures  of no i se  on the quas i - indoor  spec t ra ,  and ( 3 )  comparing 
these  es t imated  phys ica l  no ise  measures  to  ac tua l  no ise  measures  computed 
on r e a l  i n d o o r  n o i s e  d a t a .  One expec ts ,  and indeed   f i nds ,   t ha t  t he  
s i m p l i c i t y  of our  model, or d e f i n i t i o n ,  i s  an i n h e r e n t  l i m i t a t i o n  i n  
t r y i n g  t o  a c h i e v e  an exact comparison between estimated and actual physical  
measures.  
The comparison of actual and est imated physical  noise  measures  shows 
t h a t  the  house and room a t t e n u a t i o n  c h a r a c t e r i s t i c s  t e n d  t o  u n d e r e s t i m a t e  
house sound at tenuat ion in  maximum, peak, and in t eg ra l  no i se  measu res .  
Es t imates  of i n t e g r a l  m e a s u r e s  a r e  q u i t e  c l o s e  t o  a c t u a l  m e a s u r e s ;  t he  
in t eg ra l  measu res  a re ,  on t h e  average ,  overes t imated  in  da ta  for  house  
H-11. A summary of these averages   across  t h e  three c l a s s e s  of phys ica l  
measures and f o r  t h e  two houses i s  shown i n  T a b l e  V .  
The d a t a  i n  T a b l e  V could be used to  ad j u s t ,  f o r  e i t h e r  or both 
h o u s e s ,  a t t e n u a t i o n  c h a r a c t e r i s t i c s  so tha t  closer agreement can be 
obtained between actual and est imated physical  measures  i f  one were 
concerned  only  wi th  one  c lass  of measures,  For example,  by  uniformly 
i n c r e a s i n g  t h e  v a l u e  of each frequency band a t t e n u a t i o n  by 1 .3  t o  1 . 4  dB, 
indoor  maximum and peak measures f o r  K-13 could be computed from outdoor  
d a t a  w i t h  e s s e n t i a l l y  no e r r o r  when twelve measures are averaged together.  
Or by r e f e r e n c e  t o  T a b l e  I V ,  more s p e c i f i c  c o r r e c t i o n s  o f  t h e  a t t e n u a t i o n  
c h a r a c t e r i s t i c s  c o u l d  b e  o b t a i n e d  f o r  a given physical  measure.  
The s i m p l i f i e d  d e f i n i t i o n  o f  h o u s e  a t t e n u a t i o n  ( s t a t e d  i n  method 1 
above)  used t o  compute  these  t abu la r  da t a  i s  a u s e f u l  d e f i n i t i o n  i n  a n  
average  sense.  I t  d o e s   p r o d u c e   c o n s i s t e n t l y   d i f f e r e n t   r e s u l t s ,  however, 
be tween in tegra l  measures  and t h e  o t h e r s ,  a s  c a n  b e  s e e n  i n  T a b l e s  I V  
and V .  
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Table V 
AVERAGES  OF  DIFFERENCES  BETWEEN ACTUAL AND ESTIMATED 
PHYSICAL MEASURES INDOORS  FOR TWO TEST  HOUSES 
Data are for f o u r  rooms i n  each house.  
Maximum I n t e g r a t e d  Peak 
House 
+ 0 . 1  dB + 1.4 dB + 1.3 dB K-13 
Measures (12) Measures (12) Measures  (12) 
H-11 - 0.4 dB + 0.8 dB + 0 . 6  dB 
I n  F i g u r e  7 t h e  h o u s e  a t t e n u a t i o n  c h a r a c t e r i s t i c s  d e t e r m i n e d  i n  t h i s  
s tudy  are p l o t t e d  on t h e  same o r d i n a t e  w i t h  some average  house  a t tenuat ion  
data  obtained from SAE Committee A-21 i n  document A I R  1081". These l a t te r  
d a t a  were compiled from measurements made i n  Boston and New York (18 
rooms), Los Angeles ( 4  rooms),  and Miami ( 8  rooms) . House K-13 d a t a  a r e  
p r o b a b l y  c l o s e r  t o  t h i s  a v e r a g e  c u r v e  t h a n  are d a t a  from H-11. A l l  d a t a  
f o r  K-13 and H-11 l i e  wi th in  the  r ange  of measurements reported i n  A I R  
1081 for houses i n  Boston, New York, and Miami. In  some sense, then, 
one  can  conclude  tha t  the  houses  used  for the  psychologica l  tests a t  
Wal lops  S ta t ion ,  Vi rg in ia  a re  " typica l"  houses  in t h a t  t h e i r  a t t e n u a t i o n  
cha rac t e r i s t i c s  a re  no t  marked ly  d i f f e ren t  f rom those  expec ted ,  on t h e  
average, or a s  r e p o r t e d  i n  t h e  SAE document. 
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0-0 Brick  Veneer  House,  Average of 4 Rooms (K-13). Windows  Closed 
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TA-6352-7 
FIGURE 7 AVERAGE  AIRCRAFT  NOISE  ATTENUATION OF TWO HOUSES 
AT WALLOPS STATION,  VA. Compared to average data from 
SAE Document AIR 1081. 

Appendix 
FLOOR  PLANS AND INTERIOR PHOTOGRAPHS 
OF  HOUSES K - 1 3  AND H-11 AT WALLOPS STATION, V I R G I N I A  
The drawings and photographs  in  the  appendix  (F igures  A-1 and A-2) 
describe the  test houses and measurement instrumentation used in t h e  
a i r c r a f t  n o i s e  e v a l u a t i o n  s t u d i e s  c o n d u c t e d  i n  O c t o b e r  and November of 
1967 l .  The microphone locat ions shown by open circles in  F igure  A- l (a )  
and (b)  were t h e  l o c a t i o n s  u s e d  a g a i n  i n  December  1968 f o r  the measurement 
of i n d o o r  a i r c r a f t  n o i s e ,  These measurements were used t o  c a l c u l a t e  
house and room a t t e n u a t i o n s  r e p o r t e d  i n  t h i s  s tudy .  
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0 Standing ear level (suspended from ceiling) 
@ Standing ear level (stand mounted, movable) a Outdoor,  roof  mounted 
@ Outdoor, standing ear  level (in subject group) 
TA-6352-8 
FIGURE A-1 TRANSDUCER  LOCATIONS 
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FIGURE  A-1 TRANSDUCER  LOCATIONS Concluded 
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(a) K-13, VIEW OF WEST  WALL 
(b) H-11, VIEW OF NORTH-WEST  WALL 
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